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In this paper, we have investigated the dynamics of magnetized particles around 4-D Einstein-
Gauss-Bonnet black hole immersed in an external asymptotically uniform magnetic field. We have
shown that the magnetic interaction parameter responsible for circular orbits decreases for negative
values of the Gauss-Bonnet parameter α and the range where magnetized particle’s stable circular
orbits are allowed increases for the positive values of the parameter α. The study of the collisions of
magnetized, charged and neutral particles has shown that the center-of-mass energy of the particles
increases in the presence of positive Gauss-Bonnet parameter. Finally, we show how the magnetic
interaction and Gauss-Bonnet parameter may mimic the effect of rotation of the Kerr black hole
giving the same ISCO radius for magnetized particles. Detailed analysis of the ISCO show that spin
of Kerr black hole can not be mimicked by the effects of magnetic interaction and the Gauss-Bonnet
parameters when α < −4.37 and the spin parameter a > 0.237.
PACS numbers: 04.50.-h, 04.40.Dg, 97.60.Gb
I. INTRODUCTION
Recent observations of gravitational waves [1] and
black hole shadow [2] played the most important role
of testing of general relativity in the strong field regime.
However, the accuracy of those observations and exper-
iments leave an open window for modified theories of
gravity [3, 4]. The modification of general relativity can
be considered as an approach to the unified theory of
interactions. On the other hand, general relativity has
a problem with explaining some observational data and
singularity problems. These also force us to consider al-
ternative and modified theories of gravity.
Recently it was proposed a new approach of obtain-
ing the four-dimensional solution of the Einstein-Gauss-
Bonnet (EGB) gravity [5]. This approach has been ob-
tained by avoiding Lovelocks theorem which indicates
that in 4-dimensional spacetime the general relativity
with the cosmological constant is the only theory of grav-
ity. However, authors of Ref [5] obtained 4-dimensional
nonzero limits of EGB theory and its solution rescaling
the Gauss-Bonnet term by the factor 1/(D − 4), where
D is the dimension of the spacetime.
The proposed new or modified version of the theory has
to be checked using observational and experimental data.
Test of different gravity models using X-ray data from
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astrophysical objects has been considered in papers [6–9].
The motion of the test or/and charged particles may also
be used as a useful test of metric theory of gravity [10, 11].
Different properties of 4-D EGB black hole (BH) have
been considered in [12–21]. The energetics and shadow of
6-D EGB BH have been studied in [22]. Here we plan to
study the magnetized particle motion in the background
spacetime of the 4-D EGB BH immersed in an external
asymptotically uniform magnetic field.
The magnetized particle motion around Shwarzshild
and Kerr BHs immersed in an external magnetic field
has been studied in [23, 24]. The magnetized particle mo-
tion around different types of compact objects has been
studied in Refs [25–31] in the presence of the magnetic
field. It is well known, that curved spacetime will change
the uniform magnetic field structure [32] and properties
of the electromagnetic field and charged particles motion
have been studied, e.g. in [33–44].
Another interesting approach to test the gravity theory
is to consider the energetic processes around BH [45–51]
which can be used to model the high energetic parti-
cle extraction from active galactic nuclei (AGNs). In
our previous works, we have considered the energetic
processes around compact objects in different models of
gravity [26, 28, 38, 39, 43, 52–56].
In Ref [51] authors have considered the particles accel-
eration around rotating Kerr BH. It was also shown that
external magnetic filed around compact object may play
a role of charged particles accelerator [40, 53]. Particu-
larly, the acceleration mechanism for different scenarios
have been considered in [26–28, 57–78].
In this work, we plan to study magnetized particle mo-
tion and acceleration process around 4-D EGB BH im-
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2mersed in an external asymptotically uniform magnetic
field. The paper organized as follow: In Sect II we con-
sider the electromagnetic field around 4-D EGB BH im-
mersed in an external asymptotically uniform magnetic
field and magnetized particles motion around it. The
Sect III is devoted to studying of the acceleration of the
magnetized particles around 4-D EGB BH in the presence
of the magnetic field. We analyze how the EBG gravity
can mimic the spin of Kerr BH and magnetic interaction
near the Schwarzschild BH in Sect IV. We conclude our
results in Sect V.
Throughout the paper, we use spacelike signature
(−,+,+,+) for the space-time and the unit system where
G = c = 1 (However, for an astrophysical application we
have written the speed of light explicitly in our expres-
sions). The Latin indices run from 1 to 3 and the Greek
ones from 0 to 3.
II. MAGNETIZED PARTICLES AROUND 4-D
EGB BH IN EXTERNAL MAGNETIC FIELD
In this section we will consider the dynamics of magne-
tized particles around a magnetized non-rotating BH in
the background of the D-dimensional EGB gravity, which
describes by the action [5]
S =
∫
dDx
√−g (2R+ αG) , (1)
where α is Gauss-Bonnet (GB) coupling parameter, G is
the Gauss Bonnet invariant which defines by the expres-
sion
G = RµνσρRµνσρ − 4RµνRµν +R2 . (2)
The line element of the spacetime surrounding the non
rotating BH in 4-D EGB theory has the following form [5]
ds2 = −f(r)dt2 + f−1(r)dr2 + r2dθ2 + r2 sin2 θdφ2 , (3)
where
f(r) = 1 +
r2
2α
(
1−
√
1 +
8αM
r3
)
. (4)
At α → 0 the metric function f(r) has the following
limits
lim
α→0
f(r) = 1− 2M
r
. (5)
In this paper, we will use the metric function with
− sign which goes to Schwarzschild BH at zero the GB
coupling parameter, α = 0. For simplicity of further
calculations, in this work, we prefer to substitute α →
α/M2.
A. 4-D EGB BH immersed in external magnetic
field
We consider that the 4-D EGB BH is immersed in an
external asymptotically uniform magnetic field and the
expression for the electromagnetic four-potential around
the BH can be found using the existence timelike and
spacelike Killing vectors with the Wald method in the
following form [32]
Aφ =
1
2
B0r
2 sin θ, (6)
At = 0 = Ar = Aθ ,
whereB0 is the asymptotic value of the external magnetic
field aligned along axis of symmetry, being perpendicular
to the equatorial plane where θ = pi/2. The non zero
components of the electromagnetic field tensor (Fµν =
Aν,µ −Aµ,ν) is
Frφ = B0r sin2 θ (7)
Fθφ = B0r2 sin θ cos θ . (8)
One may now, calculate the orthonormal components
of the magnetic field near the BH and non-zero compo-
nents of the latter have the following form
Brˆ = B0 cos θ, B
θˆ =
√
f(r)B0 sin θ . (9)
One can see from Eq.(9) that only the angular component
of the magetic field around the BH reflects the effects of
strong gravity. However, the radial component of the
magnetic field does not depend on it and has the same
form as in Newtonian case.
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FIG. 1: Radial profiles of normalized angular component of
magnetic field Bθˆ to asymptotic value of the external mag-
netic field B0.
The radial dependence of the angular component of the
magnetic field is shown in Fig. 1 for the different values
of the GB parameter. From the dependence one can see
that for positive values of α the angular component of
3the magnetic field increases with respect to Schwarzschild
case. For the negative values of the GB parameter (α <
0) the magnetic field decreases and decays faster with
decreasing radial coordinate.
B. The magnetized particle motion around 4-D
EGB BH
The motion of magnetized particles around a BH in the
presence of the external magnetic field can be expressed
using Hamilton Jacobi equation the following form [23]
gµν
∂S
∂xµ
∂S
∂xν
= −
(
m− 1
2
DµνFµν
)2
, (10)
where the term DµνFµν is correspond to the interaction
between the magnetized particle and the external mag-
netic field. In the case of, when consider the magnetic
field of the magnetized particle has dipolar structure, the
tensor Dαβ so called polarization tensor can be defined
as
Dαβ = ηαβσνuσµν , Dαβuβ = 0 , (11)
where µν is the four-vector of the magnetic dipole mo-
ment of the magnetized particle and uν - four velocity of
the particle. The expression of the electromagnetic field
tensor Fαβ with components of electric Eα and magnetic
Bα fields has the following form
Fαβ = u[αEβ] − ηαβσγuσBγ , (12)
where square brackets stand for antisymmetric tensor:
T[ab] =
1
2 (Tµν −Tνµ) , ηαβσγ is the pseudo-tensorial form
of the Levi-Civita symbol αβσγ with the relations
ηαβσγ =
√−gαβσγ ηαβσγ = − 1√−g 
αβσγ , (13)
with g = det|gµν | = −r4 sin2 θ for metric (3) and
αβσγ =

+1 , for even permutations
−1 , for odd permutations
0 , for the other combinations
. (14)
One may easily calculate the interaction term DµνFµν ,
using the expressions (11) and (12) and we have,
DµνFµν = 2µαˆBαˆ = 2µB0L[λαˆ] , (15)
where µ is the module of the magnetic moment of the
magnetized particle (µ = |µ| =
√
µiˆµ
iˆ) and L[λαˆ] is some
characteristic function which defines the effect of comov-
ing frame of reference with the particle rotating around
the central object and it depends on the space coordi-
nates, as well as other parameters defining the tetrad λαˆ
attached to the comoving fiducial observer (i.e. the or-
bital angular velocity of the particle) [23].
Now we study the circular motion of the magnetized
particle around the 4-D EGB BH in the weak magnetic
interaction approximation (ether the external magnetic
field weak enough or the particle less magnetized), with
the limits of (DµνFµν)2 → 0. We also consider that the
magnetic moment of the particle is perpendicular to the
equatorial plane where θ = pi/2, with the radial, angu-
lar, and azimuthal components µi = (0, µθ, 0), respec-
tively. The spacetime symmetries are preserved by the
axial symmetric configuration of the magnetic field and,
therefore, they still allow for two conserved quantities:
pφ = L and pt = −E corresponding to angular momen-
tum and energy of the particle, respectively. So, we can
write expression the action for the magnetized particle in
the following form
S = −Et+ Lφ+ Sr(r) . (16)
The form of the action allows to separate variables in the
Hamilton-Jacobi equation (10).
One can easily get the expression for radial motion
of the magnetized particle at the equatorial plane, with
pθ = 0, inserting Eq.(15) to Eq.(10) using the form of the
action (16) in the following form
r˙2 = E2 − 1− 2Veff(r;α, l, β) , (17)
here E = E/m and l = L/m are the specific energy and
specific angular momentum of the particle, respectively,
and the effective potential has the form
Veff(r;α, l, β) =
1
2
[
f(r)
(
1 +
l2
r2
− βL[λαˆ]
)
− 1
]
, (18)
where the notation β = 2µB0/m is the magnetic cou-
pling parameter which correspond to the interaction term
DµνFµν in the Hamilton-Jacobi equation (10).
The standard way to define the circular orbits of the
particle around a central object is represented by the
following conditions
r˙ = 0 ,
∂Veff
∂r
= 0 . (19)
The first term of the condition (19) and Eq. (18) give the
following relation for the magnetic coupling parameter
β(r; l, E , α) = 1L[λαˆ]
(
1 +
l2
r2
− E
2
f(r)
)
. (20)
The second part of the condition in Eq.(19) satisfies the
following relation
∂Veff
∂r
= f(r)L[λαˆ]∂β
∂r
, (21)
is angular momentum of the magnetized particle rotating
around the BH with spacetime (3).
4Since, we consider the motion of the magnetic field
at the equatorial plane, we interested in components of
the magnetic field measured by the observer in a frame of
comoving observer only in that plane and the components
take the following form
Brˆ = Bφˆ = 0 , Bθˆ = B0f(r) e
Ψ , (22)
with eΨ =
(
f(r)− Ω2r2)− 12 , (23)
where
Ω =
dφ
dt
=
dφ/dτ
dt/dτ
=
f(r)
r2
l
E . (24)
Inserting Eq.(22) into (15) one can easily find the ex-
act form of the interaction term of the Eq. (10) in the
following form
DµνFµν = 2µB0f(r) eΨ . (25)
The comparison of Eqs.(15) and (25) shown that the
characteristic function has the form
L[λαˆ] = eΨ f(r) (26)
Finally, one may find the exact form of the magnetic cou-
pling β(r; l, E , α) parameter inserting Eq.s(26) and (23)
in to Eq.(20) in the following form
β(r; l, E , α) =
(
1
f(r)
− l
2
E2r2
)1/2(
1 +
l2
r2
− E
2
f(r)
)
.(27)
The Eq.(27) has a physical meaning that a magnetized
particle with specific energy E and angular momentum l
can be in the circular orbit in a given distance from the
central BH, r.
The radial dependence of magnetic coupling function β
for the different values of α parameter is shown in Fig. 2.
From the Fig. 2 one can see that the maximum value
of the magnetic coupling parameter decreases (increases)
and the distance where neutral particles β = 0 can be in
the circular orbits increases (decreases) with the increase
of the absolute value of negative (positive) GB param-
eter, α. Moreover, in case of when the Gauss-Bonnet
parameter α = 1, the minimum of the magnetic cou-
pling parameter, β increases with the increase of spe-
cific angular momentum. However, the maximum value
of the magnetic coupling parameter does not vary with
increasing the value of the specific angular momentum,
it implies that the effect of the GB coupling parameter
stronger that the effect of centrifugal force acting on the
magnetized particle.
Now, we will interest in the value of the magnetic cou-
pling parameter for the stable circular orbits. The con-
ditions for the stable circular orbits for magnetized par-
ticles in the following form
β = β(r; l, E , α), ∂β(r; l, E , α)
∂r
= 0 (28)
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FIG. 2: The radial dependence of magnetic coupling function
for the different values of the Gauss-Bonnet coupling parame-
ter, α. The plots are shown for the different values of the spe-
cific angular momentum: l2 = 20 (top panel) and l2 = 24.296
(bottom panel) when E2 = 0.9.
Equation (28) presents the system of equations with five
variables β, r, l, E and the GB coupling parameter α, so
its solution can be parameterized in terms of any two of
the five independent variables. For simplicity in our in-
vestigations we use the β and the radius r as free parame-
ters. One may find the expressions for minimum value for
the specific energy E of the magnetized particle at stable
circular orbit solving the equation ∂β(r; l; E , α)/∂r = 0
with respect to the energy E and we have
Emin(r; l, α) = −
l
(
1 + 8αMr3 −
(
1 + 2αr2
)√
1 + 8αMr3
)
√
2α
(
1 + 2αMr3 −
√
1 + 8αMr3
) (29)
The radial dependence of the minimum value of specific
energy of the magnetized particle is shown in Fig. 3 for
different values of the GB parameter α. The maximum
value of the specific energy increases as the increase of
the value of the GB parameter and the distance where
stable orbits are existed shifts to the outside from the
central object due to the increase of the GB parameter.
One can easily obtain the expression for the minimum
value of the magnetized coupling parameter β, substitut-
ing the expression (29) in to Eq.(27) and we have
5Schw.BHα=1α=-1α=-5α=-8
2 5 10 20
0.4
0.6
0.8
1.0
1.2
1.4
r/M
ℰmin
ℓ2=20
FIG. 3: The radial dependence of the minimum value of spe-
cific energy of the magnetized particles for the different values
of α parameter.
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FIG. 4: The radial dependence of the minimum value of the
magnetic coupling parameter,β for the different values of the
GB parameter, α. The plots are calculated at the value of the
specific angular momentum l2 = 20.
βmin(r; l, α) =
2α
√
1 + 8αMr3 − 3Mr
√
1 + 8αMr3
r2
(
1 + 2αMr3 −
√
1 + 8αMr3
)
1 + 2αMr3 − 6αl
2M
r5 −
(
1− 2αl2r4
)√
1 + 8αMr3√
1 + 8αMr3
(
1 + 2αr2 −
√
1 + 8αMr3
) (30)
Figure 4 shows the radial dependence of the minimal
value of the magnetic coupling parameter of the magne-
tized particle for the different values of the α parameter.
One can see from the figure that the maximal value of the
minimum magnetic coupling parameter and the distance
where it maximum increase with the increase of the GB
parameter, α.
Now we will look for the upper limit for stable circu-
lar orbits at some minimum value of the specific angular
momentum. It corresponds to the extreme value of the
minimum the magnetic coupling parameter and can be
found solving the expression ∂βmin(r; l, α)/∂r = 0 con-
cerning l and we have
lmin(r;α) =
r2
(
1 + 2αMr3 −
√
1 + 8αMr3
)
√
2α
(√
1 + 8αMr3 − 3Mr
)
×
{(
3 +
4α
r2
)√
1 +
8αM
r3
− 3
(
1 +
6αM
r3
)}− 12
(31)
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FIG. 5: The radial dependence of minimal value of the specific
angular momentum, lmin, for the different values of the Gauss
Bonnet parameter, α.
Figure 5 shows the radial dependence of the minimum
value of the specific angular momentum for the different
values of the GB parameter, α. One can see from the
figure that the value of the minimum angular momentum
as the increase of the GB parameter, α. However, the
distance where it is maximum decreases for the positive
values of the parameter, α.
βextr(r;α) =
√
1 + 8αMr3 − 3Mr
√
1 + 8αMr3(
1 + 3r
2
4α
)√
1 + 8αMr3 − 32
(
3M
r +
r2
2α
) (32)
Figure 6 illustrates the radial dependence of the ex-
treme value of the magnetic coupling parameter and the
minimum value of the magnetic coupling parameter at
βmin(l = 0), for the different values of the GB parame-
ter, α. The colored areas imply the range where a mag-
netized particle with the magnetic coupling parameter
βextr < β < βmin(l = 0) stable circular orbits allowed.
One can see from the figure that the minimum distance
of the circular orbits increases with for the negative val-
ues of the GB parameter α. However, it is not possible
to see the effect of the GB parameter α, on the range
where circular orbits are allowed. By the way, we show
it in table making numerical calculations.
62.5 3.0 3.5 4.0 4.5 5.0
0.2
0.4
0.6
0.8
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r/2M
β min,
β ext α=0α=1 α=-1
FIG. 6: The radial dependence of the minimal value of mag-
netic coupling parameter at of the freely falling magnetized
particle (l = 0) and extreme values of the magnetized par-
ticles for the different values of the GB parameter, α. Gray,
light-blue and light-red colored areas correspond to the values
of MOG parameter α = 0, α = 0.1 and α = 0.2, respectively.
α β = 0.1 β = 0.3 β = 0.5 β = 0.7 β = 0.9 β = 1
1 4.46307 43.7175 146.911 413.763 9209.46 −
0 4.20475 40,8344 134.883 371.121 11395 −
−1 4.22257 40.8112 133.499 361.92 10149.97 −
−5 4.28637 41.1339 132.961 352.387 11205.1 −
−8 4.2953 41.1471 132.31 349.839 1251.67 −
TABLE I: Numerical values for ∆r = rmax − rmin for the
different values of the magnetic coupling parameter β and
the GB parameter α in the unit of 10−3M .
Table I demonstrates the range of circular orbits of
the magnetized particle around the 4-D EGB BH for the
different values of the magnetic coupling, β and the GB
parameter, α. The values of the range ∆r given in the
unit ofM/103. One can see from the figure that the range
∆r increases with increasing the magnetic coupling pa-
rameter, β and for positive values of the GB parameter,
α. However, the range decreases at 0 > α > −1, then it
increases again at α < −1.
III. MAGNETIZED PARTICLES
ACCELERATION NEAR THE 4-D EGB BH
It was first studied in Ref. [51] that two particles falling
to Kerr BH will be accelerated and in the case of extreme
rotating BH the center of mass energy of colliding par-
ticles may diverge. The magnetic field may also play a
role of charged particles accelerator [40, 53]. Here we will
study the acceleration of magnetized particles near the
4-D EGB BH in the presence of the magnetic field. The
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FIG. 7: Radial dependence of the center of mass energy of col-
lision of two magnetized particles with the same initial energy
E1 = E2 = 1, around 4-D EGB BH for the different values of
the α parameter.
center of mass energy of two colliding particles can be
found by the relation
E2cm =
E2cm
2mc2
= 1− gαβvα1 vβ2 , (33)
where vαi (i = 1, 2) are the 4-velocities of the collid-
ing particles. Below we will consider several scenarios
of collisions of (i) magnetized-magnetized, (ii) charged-
magnetized, (iii) charged-charged and (iv) magnetized-
neutral particles.
A. Collision of two magnetized particles
The four-velocity of the magnetized particle at equa-
torial plane (θ˙ = 0) has the following components:
t˙ =
E
f(r)
,
r˙2 = E2 − f(r)
(
1 +
l2
r2
− β
)
,
φ˙ =
l
r2
. (34)
Consequently the expression for center of mass energy of
the two magnetized particles gets the following form:
E2cm = 1 +
E1E2
f(r)
− l1l2
r2
−
−
√
E21 − f(r)
(
1 +
l21
r2
− β1
)
×
√
E22 − f(r)
(
1 +
l22
r2
− β2
)
. (35)
Figure 7 illustrates the radial dependence of center-
of-mass energy of magnetized particles for the different
7values of parameter α. The plots are taken for the val-
ues of magnetized parameter β1 = β2 = 0.1 and it was
considered head-on collision of particles with the specific
angular momentum l1 = 2, l2 = −2. One can see from
the Fig. 7 that the center-of-mass energy increases with
the increase of the GB parameter α. The distance where
the center-of-mass energy reaches its maximum increases
with the increase of the GB parameter α.
B. Collision of two magnetized and charged
particles
In this subsection, we consider the collisions of the
magnetized and charged particle. One can find the four-
velocity of charged particle using the Lagrangian:
L = 1
2
mgµνu
µuν + euµAµ , (36)
here e is electric charge of the particle. The conserved
energy and angular momentum take the form:
E = mgttt˙, (37)
L = mgφφφ˙+ eAφ, (38)
and one can find the expressions for the components of
four velocity of the charged particle at equatorial plane
in the following form:
t˙ =
E
f(r)
,
r˙2 = E2 − f(r)
[
1 +
( l
r
− ωBr
)2]
,
φ˙ =
l
r2
− ωB . (39)
where ωB = eB/(2mc) is the cyclotron frequency
which corresponding to interaction of magnetic field and
charged particle.
Using Eqs. (39), (34), and (33) we may now write the
expression for center-of-mass energy of magnetized and
charged particles in the following form:
E2cm = 1 +
E1E2
f(r)
−
(
l1
r2
− ωB
)
l2
−
√
E21 − f(r)
[
1 +
( l1
r
− ωBr
)2]
×
√
E22 − f(r)
(
1 +
l22
r2
− β
)
. (40)
Figure 8 represents the radial dependence of center-of-
mass energy of the colliding magnetized and charged par-
ticles around 4-D EGB BH. The values of specific angular
momentum of the particles are chosen as l1 = 2, l2 = −2
and dimensionless magnetic coupling and cyclotron pa-
rameters have the values β = ω = 0.1. One can see
from both panels of the Fig. 8 that at large distances
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FIG. 8: The radial dependence of the center-of-mass energy of
collision of charged and magnetized particles with the energy
E1 = E2 = 1, around 4-D EGB BH for the different values of
the GB parameterα. Top and bottom panels correspond to
the cases of collisions of the magnetized particle with nega-
tively and positively charged particles, respectively.
the center-of-mass energy disappears due to repulsive
Lorentz forces which means that at a large distance the
collision doesn’t happen. However, in the case of collision
of magnetized and negative charged particle the distance
where the center-of-mass energy disappears smaller than
the case of the collision of a magnetized particle with pos-
itively charged particles due to the orientation of mag-
netic field: in the first case the Lorentz force has repulsive
nature and in the second one attractive nature. More-
over, in both cases, the value of the center of mass energy
increases with an increase of the α parameter.
8Schw.BH α=1 =-1 =-5 =-7
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FIG. 9: The radial dependence of the center-of-mass energy
of collision of magnetized and neutral particles with the same
initial energy E1 = E2 = 1, near EGB BH for the different
values of α.
C. Collision of two magnetized and neutral
particles
We may now find the equations of motion for neutral
particles around BH in EGB theory the following form:
t˙ =
E
f(r)
,
r˙2 = E2 − f(r)
(
1 +
l2
r2
)
,
φ˙ =
l
r2
. (41)
Using the Eqs. (34), (41), and (33) the expression of
center-of-mass energy of collision of neutral and magne-
tized particles can be written as:
E2cm = 1 +
E1E2
f(r)
− l1l2
r2
−
√
E21 − f(r)
(
1 +
l21
r2
− β
)
×
√
E22 − f(r)
(
1 +
l22
r2
)
(42)
Figure 9 shows the radial dependence of center-of-mass
energy of collision of neutral and magnetized particles
with magnetic coupling parameter β = 0.1 for the dif-
ferent values α. In this case, one may also see that the
increase of the parameter α causes the increase of the
center-of-mass energy of the collision. However, the en-
ergy does not disappear due to the absence of Lorentz
forces in the case of neutral particles. It implies that
neutral particles can collide with other particles at any
distance.
D. Collision of two charged particles
Finally, we consider the center of mass energy of colli-
sion of two charged particles and it can be found inserting
Eq.(39) into (33)
E2cm = 1 +
E1E2
f(r)
− r2
(
l1
r2
− ω(1)B
)(
l2
r2
− ω(2)B
)
−
√
E21 − f(r)
[
1 +
( l1
r
− ω(1)B r
)2]
×
√
E22 − f(r)
[
1 +
( l2
r
− ω(2)B r
)2]
. (43)
Figure 10 shows the radial dependence of the center-
of-mass energy of charged particles collisions near BH in
EGB theory for the different values of the α parameter.
One can see from the figure in all cases the center-of-
mass energy increases with the increase of the α parame-
ter. In the case of negative and positive charged particles
the distance where the energy disappears increases with
the increase of the value of the GB parameter α (bottom
panel). Moreover, collisions of charged particles with the
same sign show that the center-of-mass energy decreases
again at the larger distances due to repulsive Coulomb in-
teraction between the colliding particles and the collision
does not take place at higher energies (top panels).
IV. ASTROPHYSICAL APPLICATIONS
Analysis of solution for ISCO radius of the magnetized
particles around the 4-D EGB BH in an external asymp-
totically uniform magnetic field and one for test particles
around Kerr BH can help to find out how the GB cou-
pling parameter mimics the effects of the rotation of BH
giving the same value of ISCO radius. In other words, our
interest here is to show magnetic interaction mimicker of
the 4-D EGB BH parameter and/or spin of BH.
ISCO radius of the test particles around Kerr BH for
retrograde and prograde orbits can be expressed by the
relations [79]
risco = 3 + Z2 ±
√
(3− Z1)(3 + Z1 + 2Z2) , (44)
where
Z1 = 1 +
(
3
√
1 + a+ 3
√
1− a) 3√1− a2 ,
Z2 =
√
3a2 + Z21 .
In order to perform the above-mentioned task, we con-
sider the motion of a magnetic particle in the follow-
ing cases: (i) Kerr BH with rotation parameter a; (ii)
4-D EGB BH (in the absence of magnetic field) with
α parameter; (iii) 4-D EGB in the magnetic field and
(iv) Schwarzschild BH in the magnetic field correspond-
ing to magnetic interaction parameters in the range of
β ∈ (−0.5; 0.5).
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FIG. 10: The radial dependence of the center of mass energy of collision of differently charged particles with the same initial
energy E1 = E2 = 1, for the different values of α, with the specific angular momentum l1 = 2 and l2 = −2. Top-right, top
left and bottom panels correspond to the cases of negative-negative, positive-positive and negative-positive charged particles
collisions, respectively.
ISCO radius of test particles around Kerr BH and mag-
netized particle around the 4-D EGB BH in magnetic
fields as a function of spin and GB coupling parameter
is shown in Fig. 11. Below we make analysis the plot of
Fig. 11 and how the one parameter can mimic other ones:
1. Spin parameter of Kerr BH vs 4-D EGB pa-
rameter
From the black large dashed and solid lines of
the Fig. 11 one can see that spin parameter of
Kerr BH can mimic the 4D EBG gravity in the
range of α ∈ (−8, 1) with the values of a ∈
(−0.850707, 0.1464) (see the lines v7 and v12 ver-
tical lines) giving the same ISCO in the range of
risco ∈ (5.236547, 8.62151) (h2 and h7 horizontal
lines) and in the both cases when a = 0 = α the
profiles of ISCO radius intersects at risco = 6M .
2. Spin parameter of Kerr BH vs 4-D EGB BH
in magnetic field
The spin parameter of Kerr BH with the values
a ∈ (−1,−0.208358 (v7 and v10 vertical lines)
can mimic the GB coupling parameter at α ∈
(−4.37059, 1) (see the vertical line v2) giving the
same ISCO radius in the range of risco ∈ (6.8827, 9)
(corresponding to the area between horizontal lines
h1 and h5) for magnetized particle with magnetic
coupling parameter β = 0.5. While the similar
analysis for a magnetized particle with the parame-
ter β = −0.5 show that the ISCO radius is same in
the range of risco ∈ (5.2365, 8.4062) when the GB
parameter 1 > α > −8 (areas corresponding be-
tween the horizontal lines h3 and h8, and vertical
lines v8 and v14).
The cases when ISCO radius for the magnetized
particles with the magnetic coupling parameter
β = 0.5 and β = −0.5 around the 4-D EGB BH
in the absence and existence of the magnetic field,
and rotating Kerr BH are the same at the range
6.8827 ≥ risco ≥ 8.4063 (between h3 and h5 hor-
izontal lines), for the value of the spin parameter
−0.850707 ≤ a ≤ −0.20835 (v8 and v10 vertical
lines ) at the values of the GB coupling param-
eter: for the magnetized particle β = 0.5 in the
range −2.35786 ≤ α ≤ 1, the magnetized particle
with β = −0.5 in the range of the GB parameter
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FIG. 11: The dependence of ISCO radius on spin and EGB coupling parameter. Black dashed and solid lines correspond to
test particle ISCO around rotating Kerr BH and the 4-D EGB BH, respectively. Blue and red dashed lines correspond to ISCO
of the magnetized particle around the 4-D EGB BH immersed in the magnetic field with the magnetic coupling parameters
β1 = −0.1 and β2 = 0.1, respectively. Vertical (vi, i = 1÷ 14) and horizontal (hi, i = 1÷ 8) lines imply the important values
for ISCO radius, rotation and EGB coupling parameters where the lines intersect. Spin and the coupling parameter α values
are given in dimensionless unit as normalized to BH mass as a/M and α/M2.
−8 ≤ α ≤ −2.35786 (the vertical line v4) and for
neutral particle (or vacuum around the 4-D EGB
BH case) it is −7.022 ≤ α ≤ −1.8202 (the vertical
lines v1 and v5).
3. Magnetic interaction vs 4-D EGB parameter
In the case of magnetized particle motion around
the 4-D EGB BH in the absence and presence of the
external magnetic field, one can see the effect of the
magnetic interaction at the values of the GB cou-
pling parameter can mimic the magnetic coupling
parameter β = −0.5 at the range of the GB param-
eter −7.022 ≤ α ≤ 0.6617 (see v1 and v14 vertical
and h3 and h7 horizontal lines) and β = 0.5 at the
range the parameter 1 ≤ α ≤ −0.8507 giving the
same value of ISCO radius (see v3 and v5 vertical
and h2 and h5 horizontal lines).
4. Magnetic orientation vs 4-D EGB parame-
ter.
Consider the magnetized particle (with the values
of magnetic interaction parameters β = 0.5 and
β = −0.5) motion around the 4-D EGB BH im-
mersed in the uniform magnetic field. One can dis-
tinguish the cases of positive and negative values of
the magnetic coupling parameter β which is respon-
sible to the orientation of the external magnetic
field/dipole magnetic moment of the magnetized
11
particle looking at the red and blue dashed lines
between the horizontal lines h3 and h5. One can
see from the range that it is possible to distinguish
the positive and negative magnetic coupling param-
eters only if the GB parameter α ≤ −2.35787 for
β > 0 (the same direction with dipole magnetic mo-
ment of the magnetized particle) and α ≥ −2.35787
for β < 0 (the opposite direction with dipole mag-
netic moment of the magnetized particle).
V. SUMMARY AND DISCUSSIONS
In this work we have considered the motion of magne-
tized particles around the novel 4-D EGB BH immersed
in an external asymptotically uniform magnetic field and
have obtained the following main results
• The value of the magnetic coupling parameter re-
sponsible corresponding to the Lorentz force paral-
lel to centrifugal one (∼ l2) decreases (increases) in
the presence of negative (positive) the GB param-
eter α. This implies that the negative (positive) α
parameter decreases (increases) the effective gravi-
tational mass of the central object.
• The analysis of stable circular orbits show that the
range where stable circular orbits are allowed in-
creases with the increase of the magnetic coupling
parameter β. The parameter β can not be stable
at β ≥ 1.
• The studies of collisions of magnetized, neutral and
charged particles show that the center-of-mass en-
ergy of the collisions increases with the increase of
the GB parameter α.
• Finally, we have studied how the magnetic inter-
action and the 4-D EGB BH parameter can mimic
the spin of Kerr BH. It was shown that one may
distinguish the magnetized particle’s ISCO with
the magnetic coupling parameter around 4-D EGB
BH and rotating Kerr BH only when the GB pa-
rameter α < −4.37059 and the spin parameter
a > 0.236593.
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